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INTRODUCTION: 


This paper, déscribing the concentrator practice of the Moctezuma 
Cooper pone is one of <. series teing prepared by the pure of Mines. 


The Necozari concentrator of the Moctezuma ee Co. (the Mexican 
subsidiary of the Phelps Dodge Corporation) is located about 75 miles south of 
Douglas, Ariz., in the tioctezuma District of the State of Sonora. Nacozari is 
tne southern terminus of the Nacozari Railroad, over which all concentrate is 


transported to Douglas for sinelting. 


| All of the tonnage treated by the concentrator is drawn from the 
company's Pilares mine, about & kilometers southeast of the mill, and connected 


therewith by a’ S6—inch. gare steam railway. 


Tne choice of mining metnod employed at Pilares desends woon the size 
end shane of the individual ore bodies, the grade of the ore and inclusions of 
waste in the ore, and the character of the wall rock. The ore generally; supports 
itself well, but owing to the necessity for selective mining, weak waste walls, 
and irresularities in the size and snape of ore bodies, the horizontal cut—and— 
fill method -redominates, though when the ore bodies are amenable, the shrinkage 
method is used.. The classification by stoping metnocs throughout 1929 was as 


follows: 


| Per cent 
Forizontal cut and fill.....: 59.4 
Inclined cut ané fill (rill}: 17.6 
Square. seticnucerseiuesieet x 2 fer 
; On. BICC s4 oes hea sins ae © soe7 
. #5 & (SRP na eeu iit ewes nee eewieals 1.5 
TOCA U4ivsecasedieeews : 100.0 


1 - The Bureau of Mines will Welcome reprinting of this paver, provided the 
following. footnote acknowledgment is used: "Reprinted from U. S. Bureau of 


Mines Information Circular 6358," 
2-—- One of the consulting engineers, U. S. Bureau of iiines, and mill superin- 


tendent of the Moctezuma Copper Co. 
5 - One of the consulting engineers, U. S. Bureau of Mines, and consulting en- 


- gineer, concentrating department, Phelps Dodge Corporation. 
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The present three-unit concentrator, of: all steel and concrete cons- 
truction, was designed ang built by Mr. H. Kenyon Burch in 1921-1922, to have 
a cepacity of 3,000 tons per day in thies-stage contentration of roughing tables, 
flotation, and finishing tables. This was simmiified to all+flotation in 1923- 
1924, by shutting down the tables, without much ultimate sacrifice in capacity, 
However, »resent mill feed from lower mine levels is materially harder and more 
difficult to grind, which fact has dropned the economically. most advantageous 
milling rate to 2,700 ary tons per 24 hours of operation. The construction of 
1921 was consi ered to be "remodelling" by virtue of teing upon the site of the 
Older mill which had been operating un until that time, and which had also 
been built by Mr. Burch, in 1908. However, the older mill was almost comletely 


dismantled, and little more than the foundations and the building were uti- 
lized in the remodelling. Extensive silot plant operation in 1919 led to the 
development of the three-stage flow sheet, as adopted in new construction and 


es used in the initial oneretions in 1922. Acting in cooperation with Kr, fF. 3. 
Marcy, an important vhase of vilot plant overations was the development of rod 
mills of a larger size than had been considered practicable before that time, 

These were subsecuently adovted for general use not only at Nacozari, tut also 


at the - Corporatica olants at Bisbee, Ariz., and Tyrone, N. XM. 


Mill water, in the quantity of about 3,000,000 gallons per day, is 
made up of about 45 per cent of new weter, 20 per cent of water reciained fron 
the concentrates dewatering circuit, end 25 per cent reclaimed from the tail- 
ings .ond. The new water comes from the Yuacal dam and reservoir, 3 miles 
northeast of Nacozari, where a concrete, single-arch dam, approximately 100 feet 
high, gives ah impoundage cavacity of 1,000,000,000 gallons of flood waters. 
The spillways have overflowed oracticaliy every summer rainy season since tne 
dam was constructed in 1911. Of the total annual precipitation, amounting v0 
20 to 25 inches, about half falls during July end August, . . 


Power is obtained from a Diesel engine plant at Necozari. This con- 
sists of four 1,250~horsepower and two 22,00-horsepower Carols-tyne, two-stroke 
cycle engines, giving a total rated capecity of 9,400 horsepower. Power is 
transmitted to the mill at 6,600 volts and is there stepped down to 2,200 volts 
for all Marcy mill Motors and to 220 volts for all other motors. 


ORS TREATED 


The gangue of the ore above the 700-foot level of the mine, now cozs- 
tituting aocut 20 per cent of the total output, is a quite hard latite breccia, 
and that of the remaining £0 per cent’ from the lower.levels is an extremely 
hard andesite breccia, considered to be as hard as any copper ore in the Soutl 
The latite and andesite flows have been cut by intrusions of monzonite, 
diorite, and cuartz porphyry. The economic mineral is chalcopyrite,’ accompanied 
by minute quantities of chalcocite, covellite, and vdornite. About 0.05 per cent 

of acid-soluble copper is present, chiefly tenorite, with some cuprite. Tae 
ratio of pyrite to chalcopyrite in the ore is now about 2 to 1. Some-spalerite, 
magetite, and hematite are also present. Silver, associated almost exclusively 
with the chalcopyrite, runs about three-fourths of. an ounce per ton. Some of 
the alumina in the mill heads ayvears to be reactive, and affects slime metall- 
urgy chemically and as colloid. Following is a chemical analysis of mill heads, 
with the combinations of the more significant minerals, as calculated from 


west. 
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parallel chemical and mEpGEOrcopee aes aed ° 


I EP IR a td a a a 


7 2 per cent ae | : per cent _ 
Cu (eeeeay. sieesie bid Bie te ee as 2.63 ee tyes 7.22 
Cu seu energy weeeeet 0.05 :Chalcocite and bor- | 
Fe ote seeesbenees: ALOE. “S$. MVGs nc eagl aah : 0.10 ° 
Si tuasewee se sues soot 8.70  :Tenorite, etc.......2: 0.10 
Si03.- 0. ledesckeweseds “40253. “Pyrite.s.acc5..csce 11.53 © 
B1503 AP auinwdcgacns weet 13.70 | ‘roneuleiae gangue..: 81.05 
C50 sew neers be etiante ie = 1.€8 - . : 
hg0 a a a oe a a ee ee ° . 2.25 : 
Ienition loss and unacy: _ ; 
COunCEd. LOL. c.csew ees : 10.67  : | | : 
TOVOUCios ee aaeeew se 109.00 DOUG late Gecacs wees 100 .00 


A screen analysis of the product from the crushing plant to the »vri- 
mary grinding mills is siown as Table 3. The coarseness of this feed does not 
signify a belief that it would not be eee to crush to a finer size ore= 
ceding the grinding mills. it is possible that changes will ultimately be made 
Whereby this product will be reduced to one-haif inch or thereabouts. 


Aside from the outout of a few of the uozer mine levels during the 
rainy season, the ore received at the mill is so dry as to cause no difficulty 
in choking of any of the crushers. Indeed, its dryness gives rise to a con- 
siderable amount of dust in the dry crushing operation, and has necessitated 
the installation of a comlete cust-coilectins svstem there, with ducts exten- 
ding to the several sources of dust, Wnich are housed in and exhausted by means 
of a suction fan.. About 95 per cent of the cust drawn out by the fan is recov- 
ered in a spray tank and is sent into the slime flotation circuit. 


The moisture content of the ore has averaged avout 3.25 cer cent for 
several years. This relatively low moisture content is, of course, advantageous 
metallurgically, in the sense that it zives rise to less oxidation and chemical 
change on the vart of bro'ren ore in stopes. In 1927 the mine drainage system 
and the ventilation system were toth extended and improved, to the end that no 
water now comes in contact with the ore in dums or ore passes. While this 
change Was primarily for the sele of bettering mining conditions, the cost of 
such improvements in the mine was orovably more than repaid by their favorable 
influence upon metallurgy of the mill, as oxidation and generation of detrimental 
Salts in the ore have been less. Among the factors that effect these chanzes 
in the ore are the time allowed after breeking, the moisture present in the 
ground and the air, the mineral surface exposed, and the amount of iron present 
as a generator of solvents for the copper sulphides. In this respect, at least, 


"hard ore! is actually an pavente: ey ocr a hard ore is usually a less osidized 
ore. 


The chemical behavior of ore in the mine, particularly of the fines, 
forms an integral part of the general picture of flotation when the latter vro~ 
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cess is viewed from the chemical standpoint. At Nacozari, the belief has for 
some time been held that the governing features of flotation are predominantly 
chemical »henomena, even though the picsess itself be not strictly chemical in 


its entirety. 


Given sufficient liberation of significant minerals by grinding, 
local evidence confirms the almost universal finding of mill experience that, 
with the important exception of middlings, the most difficult portion of the 
ore to treat is the original mine fines, but by treating them ina separate 
circuit—a practice begun in July, 1929, coincident with the installation of 
bowl classifiers—better tailings are made upon this portion of the mill feed 
than woon any other. The feed to this senaz cate slime section - comprising 0 
to 33 ver cent of the total mill feed tonnage - averages 0.1] per cent of "oxide 
copper" as compared with QO. 095, mer,cent for the general mill heads, and on thet 
section tne recovery of oxide /ave rages 60 per cent. The mine run of ore to the 
mill averages 7 per cent mimus ]00 mesn; that from the crushing plant to the 
primary mills, 10 to 12 per cent and that from the primary mills, 30 to 33 rer 
cent, wnich is the feed to the senarate slime secvion. | 


In laboratory flotation tests uoon ore from.one or tro stones which 
hanpen to be especially oxidized, a water-wash prior to milling has been found 
very advantageous in reducing lime consumption and Tm EOW aS recovery, though 


this process is still in an experimental stage. 


At the smelter at Douglas, the Corporation maintains a centralized 
and fully equipped microscovic latoratory in charge of a trained microscopist, 
To this laboratory, samples of mill »roducts are sent from the several branches 
at stated intervals, for combined microscopic and chemical analyses. MThis 
laboratory has been functioning regularly for about two vears.. The reports and 
information obtained have been found very useful in relative comparisons, [n 
the past, the examinations havs= been made on volished surfaces of grains ei 
bedded in a matrix; they deal with plane sections of grains, rather than tue 
whole-grain entities which are being cealt with actually in the concentrating 


process. 


| Until recently, tailings have been the usual aroduct sent from Hacozeri, 
to eid in*determining the nature and cause of tailings IES ER: Concentrates end 
flotation middlings have also been so studied. A microsconic examination of 
mill f ee& is also in process, but it is not available at the date of writing. 
The concentrator organization nes en excellent microscope by means of which more 


suverficial but more frequent studies are made. 


No results of microscov! ic studies ere given re this present paper, 
however, because it is felt that this work, or at least the interpretation of 
it, is still in a development stage. It has been found that magnifications of 
the order of. 1, 200 diameters reveal many inclusions. which are totally invisible 
at 125 dianeters, Thus, while the smallness of the field at the higher mgni- 
fication may introduce a "samoling" error, the more representative field of the 
lower magnification does not always yield accurate metallurgicel information. 
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Metallurgical vrogress at Nacozari has come about through a series 


of quite definite, successive steps, some.of which are diagrammed in the panel. 
flow sheets of Figure 1 and may be enumerated as follows, in comparison with 
concurrent milling data: 


e 


Chenze 


‘Lime circuit adopted, 1922. 
Finishing tables. shut down, 1923, 
“Double cleaning of concentrates adopted, 1923. 


Rovgning table concentrates erverimentally re- 
ground’ ani selectively floated, 1923. ‘his 


_ _ step never permanently ineaesoraced into flow- 


13. 


sheet. 
Roughing tables shut down and all-flotation 


flow sheet established, 1923. 


Trinie tleaning of concentrates adopted, 1924. 
Change made to xanthate reagents, 1925. 


.. All Callow cells replaced by MacIntosh. cells, 


1926. 

Bowl classifiers installed, June, 1929. 
Sevarete treavmeat of primary slimes begun, 
July, 1929. 

Tonnage rate per hour reduced to maintain 
zrinding on nardex ore, 1929. 


Nitrogen compounds studied as mill flotation 
reagents, 1929. 


Thickening, regrinding, and separate retreat- 
ment of flotation middlings exoerimentelly begun, 


Yebruary, 19320. 


The affect of some of these changes on the metallurgy as seaveuael 


in copper cont ent of concentrates and tailings and also- on costs is shown in 
the following tabulation: 
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Direct 


od, Be ac Analyses . : 
Year. tet pent Copecr _: mill cost, 
an : i. dollars. 
: Concentrates: “Tailings ~ ber ten 
1922 — 12.07 : ‘Os22) * ye 952 
1923 | 18.42 : . O.CML os. 0,818 
1924 27.68 %:° 0.218 i: 0.763 
1925 27.45 +: 0.214 : 0.600 
1926 © 27.85. : Q.191 : 0.564 
1927 27.18 <:' 0.171 0.504 
J. 1928 _ 26.55 ~: 0.207 — ee Oe 470 
- 1929: we . po 
‘Pirst half : ~24.47° +: 0.198 : 0.520 
Second half : 23.08 0.126 0.590 
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Other stevs which sre in mind for ossible fetuve. investigation in- 
clude finer creshing; a partial closed circuit of primary mills; insertion of a 
stage of flotation betveen secondary mills and secondary mill closed circuit 
classifiers, and the production of a high-density flotation froth for direct 
fiitration without intermediate thickening. The last-named step is actually nor 
in effect unon two mill sections, as will be noted under the sudject of con 
centrates handlinz. 


Although those who were then in charge of operations were pioneering 
in most of the earlier steps mentioned, the modes of development during the 
years 1922, 1923, and 1924 are as tyzsical of what has now become concordant 
history in most of the major copver concentrators of the Southwest as to re 
quire little elaboration in the present vaper 


It is noteworthy that the Nacozari concentrator is believed to be the 
finxst copper concentrator in the Southwest — not to sveak more <enerally - to 
apply selective flotation commercially to its type of ore. Iue largely to the 
smelter's preference for coarse concentrates, the design and construction of 
the mill in 1920-1921 did not propose any marked selectivity in the recovery of 
copper in preference to iron. It was predicated that flotation would be in 
natural circuit — that is, neither acid nor alkali would be added. When the 
operations began, however, experience soon showed that the use of lime was dic 
tated to benefit recovery; and we now know that lime was needed to ston the 
generation of solutions of iron salts, thus decreasing the tendency of those 
salts to react from solution to consume the collecter reagent, rather thanfron 
the mineral surface to produce difficultly soluble cuprous films. Lime was also 
very useful in decreasing consumotion of grinding rods and liners, which in the 
natural circuit witnout the chemical protection afforded by lime were rapidly 
eaten out by electrolysis and required distressingly freauent renlacement. It 
was not until a year later, however, after all tatles had been taken out of 
service, that lime began to play its press anponvant part in selective flote 
tion. 


The shutting down of all finishing tables following flotation was the 
first definite step toward the present all-flotation flow sheet. As these tables 
treated flotation tailings directly, their field for useful effort was razidly 
restricted as flotation recovery improved. After six months of operation, they 
were shut down in January, 1923, by which time the flotation tailings had droped 
to 0.25 per cent of copper. They were making pyritic concentrates so low in 
copper that they would not pay their way to the smelter and which, as flotation 
contimed to improve, soon would not have contained enough copper to warrant 
reerinding or other forms of re-treatment, es,ecially in view of the great anount 
of pyrite which was only awaiting the opportunity to appear as table concen 
trates. In the light of later events, it has been the selective grinding accol- 
plished by the action of Dorr classifiers upon pyritic feed which permanently 
removed the necessity of tabling out ByAbye for further treatment. 


When double cleaning of geieenteates was introduced in April 1924, 
selective flotation at Nacozari began to show its real value. Prior to that 
time, the singly-cleaned froth averaged about 18 per cent ‘copper, and was cally 
ing a considerable percentage of copper-free waste, which merely had not had tne 
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opportunity to drop out, in the hurried environment of the roughing operation. 
An extra stage of cleaning immediately brought the grade to 24 per cent copper 
without increasing the grade of tailings. A year or so later, a third stage 

of cleaning vas introduced, which graded the concentrates up to 27 per cent of 
copper, and vhich similarly did not increase the tailings assay (though possibly 
delaying the day when copper content in the tailings could be further reduced). 


It wes always avparent that the averaze grade of final mill concen 
trates could never be brought up to anything even approaching the theoretically - 
possible, so lonz as half the total mill concentrates was coming from roughing 
tables which simultaneously and indiscriminatingly recovered nearly half of the 
pyrite in their feed with as much of the chalicovyrite. Two remedies were 
possible: to contime the use of roughing tables, but to regrind and then selec- 
tively float their concentrates, or to shut them down completely and throw their 
entire burden directly upon flotation, incidentally increasing the feed to the 
secondary mills (and the work required of these mills) by the tonnage which 
ae then. had oo roughing table concentrates. 


Had ‘nieiia: ween extensive association between chalcopyrite and »vyrite 
in the mill feed, and little betveen chalcopyrite and silica, the first method 
would probably have been dictated, for it would have given — in effect - @ 
selectively finer grinding of the chalcopyrite and pyrite... On the other hand, 
had the reverse been true with chalcopyrite-silica liberation being the domi~ 
nant grinding ovroblem, the maxing of pyritic roughing table concentrates for 
grinding would have been porpeneee. 


. As it hes barned out, the retention of roughing tables for the pur- 
pose above intimated would have been unsound practice, despite the fact that 
it is chalcopyrite-pvrite association which increases from year to year as 
deeper mine levels are reached. Most of the pyrite anc most of the chalcopy~ 
rite break free from each other in the size ranze in whicn the tables would 
have teen working, and grinding effort upon those freed »ortions would have 
been uselesslv expended. Thus while cualconyrite-pyrite association does in- 
deed persist at the present fineness of grinding, it is confined to a relative— 
ly sriall bulk of mineral which can be, and is, segregated by flotation methods 
as mddlings for regrinding. Tables could not have been made to draw so fine 
a. distinction at an acceptable cost. 


Of course, complete liberation will probably always be economically 
impossible when ~.as stated on vare 12 -— there is some association so fine that 
it does not even Merone visible at less than 1,000 to 1,200 ciameters magnifi- 
cation. 


‘For a veriod:-of two or three weeks in 1923, the scheme was vrac~ 
ticed off a fine regrinding of roughing table concentrates and a coarse regrind— 
ing of roughing table tailings, mixing the tvo products for flotation treatment. 
Very satisfactory and. economical results were obtained, but various: conditions 
of mechanical layout argued the mere shutting down end by-passing of the rough- 
ing tables as preferable. That was done and continues to the vresent time, 
and no reagon to regret the decision has ever made itself apparent. 
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Thus the all-flotation flow shect was brought about without the addi. 
tion of any new equipment. For a time, general mill recovery suffered 2nd 
unit casacity was cut, but in the final measuze of net profit per ton of ore, 
tne metiuod far more than justified itself by virtue of the decreased concen~ 
trates tonnege won which freight and smelting charges had to be paid. Paren- 
thetically, it may be stated here that ultimate financial gain — the net profit 
resulting from a ton of ore at Nacozari - has always been the guide for »rv- 
cedure. Endeavor is made to wut togetner that comoination of onerating costs, 
concentrates grade, and tailings assay Which will yield the hishest »rofit, 
even though at any time such a course mey require sacrifice in any.one of tae 
three to produce a greater commensurate goin in any of the other tio. The 
local importance of this is accentunted by hich realization costs. 


From the smelter viewnoint, the obvious advantages of high-grade cor 
centrates, cou.led vitn fortunate developments in smelting oractice, soon eased | 
the demand for a coarse mill »roduct. Loolting backveré, it is apvarent that | 
the anvlication of selectivity was »rofitable from the verv outset. Once 
established metallurgicelly, it was a vitsl »rincivle which could not be aban- 
doned. Nevertheless, a very serious mechanical difficulty was immediately 
encountered. The flat-bottomed Cellow-Insriretion cells were not suitable for 
selective vork on relatively coarse feec. Tne rejected pyrite settled inmov- 
ably to the botton, cut off, the rir supply, and caused a serious handicap to 
copper recovery through sheer aeration imsedence. This seems to have been ‘he 
universal excerience wherever Callot’--Insniration circuits were made selective. 


There was but one remedi: a ne‘ tiz:e of cell must be developed. The 
MacIntosh cell was tne result. This machine, orisinally conceived by John C. 
MacIntosh, then ¢ general mill foreman, and develowed and improved bc Wma. %. acm 
Donald, then m1] surerintendent, retained the -orous mat of the Callow cell, tt 
set it in motion-cs a norous, revolvin rotor, cently stirring the ralp by se 
chanical means ana thus keeping the pyiite in susvension and in motion taroum 
the cell. Thirty of the new maciines were built locally end the entire nlll 
tonnage began passing: through them insteod of tne Cellows early in 19%. Ivo of 
the three units of cal lov: s were torn out to mexe room for tnis chance; the thin 
Callow unit was left idle, but was not renoved. 


Coal tar and vine oil Were tue flotation: recgents used during the 
first two years of operation. Late in 1924, thiocarbanalid in orthotoluidia 
replaced the coal tar and-contimed at the Satie mill as the collector zeagen 
for about a year.. Following experience elsewuere, a change to xanthate wes 
made in 1925, ana the sodium ethyl salt is the present standard reagent, excet 
as some mill sections may be given ovez to other exnerimental reagent \ort. 


In extensive mill tests, the thiocnosnhates vrere found to give very 
satisfactory recovery, continzent uron a closely controlled metallurgical envirer 
ment. They, in common with the xantnates and other sulnhur reagents, nossess 
the shortcoming of reacting with pyrite wnen sligrt excess of reagent is present; 
this behevior does not BrpeRe to be suoWn by one nitrogen reagents. 


when the Seats tables were snut dovm, the to stages of crinding 
with which the mill was equimed then became immediately contiguous in the flo 
sheet, and the total mill feed necessarily had to go from the first to the 
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second without intermedi: te classification to remove finished material. Until 
later years, when harder ore tegan to exact its tcll from grinding cevacity, 
it was satisfactory - even if not technically correct - so to onerate. In 
1926, however, the need for en intermediate stuge of clossification begen to 
te felt acutely, and a nev. 15-foot bowl classifier to remove minus 65-mesn 
materlal was ex:erimentally inserted into the flov sheet of cne mil] unit be~ 
tyeen the two stazes of gringing. Phe bowl overflow then rejoinsd the sands 
after the latter were ground in the ceconsary mills, so that the function of 
the bowl at first was merely to by-pass finished material around the secondary 
gerindins circuit. In this manner of operatin:, the towl shoved an im>rovement 
in grinding efficiency ecuivalent to a saving of about 5 cents ver toa of ore, 
and consequently tro more bowl classifiers were orderec, correspyondingly to 
equiy the remaining t.o units. The three mill units have been opereting with 
bowl classifiers since June 1929. 


| Before these bowis bve.ztan onpercting, it was realized that their over— 
flow would be of a different chemical character from their sands, even after 
the latter had been rezround, ror the bowl overflow contsins practically all 
of tue original oxidized fines of the mine ore, in addition to the fines pro- 
duced by the primary mills. It was thought that some advantage mizht be gained 
br sending the bo:.:1 overflow to a.seversge flotation circuit. That was begun 
experimentally in April, 1279, using the one bowl classifier which was then in 
service ani utilizing part cf the old Csliow flotation wnit which had been idle 
since 1926, and hich wes therewon reconditioned for the test. Such an im- 
provement in over-all miil recovery Was immediately anverent, that the method 
was extended to all three mili units as soon as the bowl classifiers were in- 
stalled, and is now a vermanent part of tne regular mill flovshset. The over- 
flow of the three bowl classifiers join anc is treated in the Callow unit, 
While all of the reground sands continue to be treated in the MacIntosh units. 
Tie merits of this procedure are discussed at a later coint in this reper. 


| It hes: been found a2vantaeous in man: flotation mills to pass all 
mill tonnaze through bot] classifiers, which exert a peculiarly uniform cor 
trol uson the size of flotation feed. Tris wes recently tried at Nacozari, 
bat didnot result fevorabdly,-.as such a flow shect necesscrily abandoned sepa- 
Yate sline troetment, for under those conititions, tne tow overflow constituted 
tne entire flotation feed. Loss of the aavantazes of senarate slime treatment 
more than offset the advantage of grenter uniformity of grindinz, so that 
Wnile grindines union ths same tonnage was actuelly somewhat finer, the recovery 
Was nevsrtneless lover than uncer the nermel sex,arate-sline-trestment flow 
Sheet. Takinzs all flotation feed from bowl classifiers would probably be ad- 
vantageous at Nacozari if se:earate primary slime treatuent could at the same 
time be retained, but as that would recuire additional classifiers, the idea 


is not now being entertained. 


Even witn the bowl. classifiers, grinding canacity has not been res— 
tored to its old figure becouse of increasing hardness of ore, ond operating 
costs have accerdinzly been higher in 1929. This is not surprising, since the 
mill feed from the crushing plant containg m-terial as coarse as 1-3/4 inch, 
ang the proper mode for future attack would to be either »rovision of finer 
crushing, or of regrinding of flotation middlings. -‘Nacozari exxerience indi- 
cated that 1-3/4 inch is not the economic size of crushing ahead of rod mills 


when the ore is herd. 
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PRESENT METHOD OF CONCENTRATICN 


Figure 2 shows the general flow sheet of the concentrator and of the 
coarse crushing vlant, anc Figure 3 shows a general cross-section of the con- 
centrator. 


Flow Sheet of Any One Section 

The Nacozeri concentrator has three ,eneral sections, in addition 
to the senarate slime flotation section. The three are identical and eacn 
has a canacity, under present conditions, of 880 dry tons per e4 hours, when 
grinding to about 13 ner cent on 65-mesh. The ore is drawn from the 8,000- 
ton capacity fine ore bin by @ avoren feeders’ ind is conveyed into a 20-ton 
caoacity surge bin. This bin cortvains three conmmartments, each comletely 
partitioned off from the other tvo. The entire ore stream may be tumed in 
ouick succession into any one of the three commartments, so that the alloca- 
tion of ore to tne three mill units is a time division ratier than a division 
of stream of ore. The three compartments of the surge bin discharge by 20- 
inch apron feeder (one in the tottom of each compartment) upon unit feed 
conveyors leading to the respective mill units. Each of the unit feed convey- 
ors passes over a Merrick Model-K weightometer, whose readings, taken at the 
end of every snift, incicate tonnage treated by each unit. The drain: of ore 
from the fine ore bin is controlled from the srimary mill floor by four =ush- 
buttons, each of which starts or stons e bank of feeders. 


Fach unit feed conveyor discharges into a splitter box,«Where the 
unit tonnage is divided into two halves, each half going to one vrimary 6 by I? 
foot ijarcy roller mill, of which there are two per unit, or six for the entire 


The vrimary mills work in single pass and the discharge.of each palt 
joins and goes into one 13-foot Dorr bowl classifier, of which there is one for 
each unit. The overflows of the three bowl classifiers join and go into a 
trunk launder to the general slime unit (later discussed) which, except for the 
source of its feed, is independent of the three units now being described. 


The sand discharge of each bowl classifier is laundered to, and divi- 
ded betveen tvo secondary 6 by 12 foot Marcy rod mills, or six for the entire 
mill. These mills are each in closed circuit with a 6 by 23 foot, 4-inch Dom 
duplex classifier. The classifiers overflow at about 3 per cent on 35 mesh, 
and the joined overflow of each pair of classifiers is laundered to a MacIntos: 
flotation unit. Dilution water in the classifiers is made up chiefly of returt- 
ed flotation middlings. | | 


Each of the three sand flotation sections is made.up of three prim” 
and three secondary roughers, and of two primary, one secondary, and one ter- 
tiary cleaner,’a total of 10 MacIntosh machines per unit. The unit flotaticn 
feed 1s divided evenly to the three primary roughers, whose tailings go into 2 
corresponding secondary rougher. The tailings of the latter are final: end é 
to the tailings pond for final disposition and storage. The primary rougher 
concentrate is cleaned in three successive stages in the primary, secondary, 
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INDEX 


25-ton capacity railroad cars from mine 

Coarse ore bins, 1,800 tons capacity 

Four Weoster pan feeders, 4g*x14°6° 

Four bar grizziles, 4-inch spacing 

Two No. 8 McCully gyratory crushers 

Two suspended magnets, 250 volts 0.C. 

Two Dings magnetic head pulleys, 250 veits 0.C. 
Conveyors Nos. | and 3, 36°*53'. 260 {.P.g, 6 ply 
Four fixed ring grizzlies set at | 3/4" and 5/8° 
Two No. 4<F Tolamith crushers set at | 1/2° 
Conveyors Nes. 2 and 4, 36°22", 200 f.peme, 6 ply 
Two Dings magnetic head pulleys 

Two vertical shaft Symone disk crushers 

Conveyor No. 5, 24350", 20° slope, 6 ply 
Conveyor No. 6, 24°x180", hor izental 

S-A automatic tripper 

Fine ore bins, 8,000-tons capacity 

34 Webster pan feeders, 20°x2°4" 

Conveyors Nos. 7 and 8, 18"x180°, 208 f.p.m 
Conveyors Nos. 9 and 10, 20°%52° abd 51° 

Lime feeder (dry) 

Three Merrick weightometers 

Conveyors Nos. Ii, 12, and 13; 115°, 48°, 48° 

(2 Marcy roller mills, 6°*12°, 17.5 FepoMe 

Three 13-foot Dorr bow! classifisrs 

Six 6'x23°4" Dorr circulating classifiers 

12 Callow-type fiotetion paas, 46°46" 

40 Callow-type fletation pans, 46°x46" 

Two 4<inch middlings return pumps 

Nine 1O-foot Macintosh flotation cells 

Nine 10-foot Mecintosh flotatéon celis 

Six 1O-foot Macintosh flotation celis 

Six tQ-foot Macintosh flotation cells 

Three return middlings pumps 

Three finishing tables for concentrates distribution 
One No, 5 1/2 and one No. 7 Root blowers, fletation air 
One Dorr thickener, 50-foot diameter; area, 3,300 $9. ft. 
One Dorr thickener, 60-foot diameter; area, 4,24! 89. ft, 
One bucket elevator, 18°x115° 

Two 14'xt4° Oliver continuous filters 

One 14°12" No. 12 air compressor 

One 1-8 type XRB vacuum pump 

Eight concrete concentratec storage bins, 122 tons each 
Conveyor No. 14, 24°x230°, 350 f.poM 

Conveyor No. 15, 24°80", 350 {.Ppom., 30° slope 
Three centrifugal pumps, two 4° one 2 1/2° 

80 F.C. de N. 55=ton standard gondol as 

Two 14°12" Aldrich triplex pumps 

Six concrate storage tanks 

Four 4=iach centrifugal pumps for tailings elevation 
Taliings and water storage das 

One 4<inch centrifugal return water pump 

Three return water storage tanks 

Mill frseh water supply tank, 500,000 gallons 
Huacal dam storage capacity, 900,000,000 gal fons 


Belt lengths as given are between centers 


Figure 2.< Flow sheet and active equipment list for the last six months of 1929, Nacozari concentrator 
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and tertiary cleaners. The tailings of all of these cleaners, together with 
the concentretes. of. the secondary rougshers, fo to @ common sump and are vumed 
to the circulating classifiers on the secondsr:- mill floor, where they serve _ 
as diluticn vater-and then repass throuch che. flotation plant. However, it 
is not considered to be cerrect in princivle merely to recirculate flotation 
middlings without some interposed chanse of its condition, and to that end 

the regrinding of this vroduct is now being vracticed exnerimentally, with very 
gratifving resalts.. The MacIntosh-cells have been modified to produce a thick- 
' er middlines product which is returned directly into the secondary mills. Re~ 
grinding of the circulating miccalinges, iuowever, falls short of eliminating 

the middling »roblem, for the cis.arity between the crace of concentrates 
finally »roduced and that theoretically pasibie is not cue to dilution by 
either free waste or by a serious cuantity of the middlings which hes circula- 
ted, but rather to material es truly middlings as that which circulates but 
which the cleaners do not reject because the individual grains contain suffi- 
cient chalcopyrite for them to float tnrouczh the circuit to concentrate. 


Since July, 1929, the joined overflow of the three pow dias cieveen, 
at 2 per cent on 65 mesh, has been goings to the slime section. This section, 
which has no grinding or classifying equipment, consists of two duvlex rovs 
of Callow-Inspiration cells, the four single roWs each containing thirteen 42 
_ by 42 inch pans,. covered with 2=nly canvas mats. The concentrates of the 

first three cells of each row are the final siime section concentrates. The > 
tailines of these cells go0.directly on throuzn tne remaining tenc ells,-.from 
wWhica they emerge as the final siime section tailings, and then join’ the sand 
section tailings for laundering to the tailings pond. The concentrates of the 
final 10 cells is pumped baci: to the he:d of the slime circuit; this product 
also may ultimately receive other Enesvment than moze recirculation. 


Until recently it was the nractice t0 be ac the flotation concentrates, 
taking out 2 coarse sroduct which could be cewstered by gravity. Recently this 
practice has been abandoned, as it is found that the general average moisture 
can ‘be held about 2 per cent lower by filtering the entire tonnage. As the 
final MacIntosh section clecners produce a froth which now anvroximates 50 per 
_cent of solids, the concentrstes of two mill units is golng directly to filters 
Without thickening. 


The resvective divisions of the concentrating »rocess ere now de~ 
tailed. 


Breeiinz 


Ore is delivered from the mine to the mill by narrow-gere steam 
railvay, and is hauled in trains of 12 cars, @cn car holding about 32 tons of 
ore. As the mine ¢rizzlies ere now set at not to exceed 16-inch ovenings, thot 
= the maxjmem size of rock received at the mill, After cduming from the mine 

ailroad cars into the l, 800—ton-caracity coarse cre bin wnich is wart of the 
ies ahiak, the ore is diaym out ty four 4&inch by 14-foot, 6—inch pan 
feeders. 


- The present sientae plant handles .a total of 190 tons per howe, 
and Ye divided into two identical sections, with two of the nanfeeders serving 
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each section. Only one pan feeder operates at a time on each section. The pan 
feeders discharge upon a fixed bar grizzly, 45° slope, with a 4inch spacing 
between bars. The following paragraphs describe either one of the two crusher 
sections. 


The grizzly oversize, consisting of 70 per cent of the total feed, 
drops into the hopper of a No. 8 McCully gyratory crusher, set at 4~inch openiz, 
Hach of the two McCully crushers is belt-driven from a 75-horsepower motor and 
makes 148 gyrations per minute. 


On each crusher section, the bar grizzly undersize joins the McCully 
discharge upon a 36-inch conveyor which nas a 20 upward slope. This belt 
passes beneath a suspended electromagnet, which removes a considerable portion 
of the tramo iron; the belt also discharges over a Dings magnetic pulley. 4 
motor—generator set just outside the crusher building supplies direct current 
for all electromagnets. | 


Intermediate Crushing 


The above conveyor discharge drops over a fixed ring grizzly, with 3/+ 
inch rings spaced 1-3/4 inch apart. The grizzly oversize, consisting of about 1 
per cent of the original ore, drops into a No. 4-F Telsmith reduction crusier. 
This machine, designed for a coarser size ranze than that in which it vorks, 
accomplishes very little reduction. It is belt-—driven by a 40—horsepover mior, 
and makes 110 gyrations per mimte. 


The undersize of the 1~3/4-inch grizzly drops upon a second ring 
erizzly whose spacing is 5/8 inch. The undersize of the latter goes by gravity 
chute to the general conveyor leading to the fine ore bins, The oversize joins 
the Telsmith product upon a short inclined 36~inch conveyor which discharges over 
a magnetic pulley, upon a third ring grizzly, whose spacing is also 5/8 inch. 
The fines go directly upon the final product conveyor to the fine ore bins, wile 
the oversize drops into a Symons 46-inch, vertical shaft, disk crusher for the 
third and final stage of crushing. These Symons crushers are of an old type will 
by Chalmers end Williams in 1916. 


The size of the crushing plant product is shown below as the primary 
mill feed, which, of course, ig the same product. 


Primary Grinding 


The two 6 by 12 foot Marcy primary rod mills on each of the three mill 
sections operate as a pair, one rotating as a right—hand mill and the other as 4 
left—hand mill, though interchangeable and having identical liners. All mills 2 
driven by 2,200—-volt induction motors through Falk doublé-reduction herringbone 
gears. The. mills are driven at 17-1/2 revolutions per mimite by spur gear and 
pinion from the slow-speed shaft. 


Feed is received through a gravity spout into the trunnion of the mill, 
and is assisted into the mill by a trunnion screw. All of the primary mills have 
a le-inch intake opening, and a 30-inch discharge opening. 
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With feed of the present size each mill handles 440 dry tons per 24 
hours. The primary mills have always operated in open circuit, but a test is ~~ 
~vlanned to determine the advantage of a partially closed: circuit. The primary: ” 
mills operate at 78 per ceut of solids. A typical screen analysis of their...” 
feed and discharge is as follows: - i oes 


-~ 


Screen analysis of feéd and discharge of primary mills 


: Primary mill feed, ;: Primary mill ee : 
sPer cent weight retained:Per cent weight retained 


| : ; This mesh : Cumulative : This mesh ; Cumlative 
e . e. Srey ocd 

Plus 1-1/2 inch round..: 4.42 ; 4.42 : 

Plus 1-1/4 inch round..: 5.71. : 10.13 2 

Plus 1 inch round......: - 8.64. : (18.77 : 

Plus 3/4 inch round....: 10.19 : 28.96 : 

Plus 1/2 inch round....: ° 11.79 +: 40.75 : 

Plus 3 mesh i 11.03 .: 51.78 : 

Plus 4 " pieces 7.07 +: 58.85 1. oe .6. * 
Plus 6 " were 6.95 3: 65.80 » Oso: ‘ 0.35 
Plus § 1" rake : 4.65 : 70.45 0.93 : 1.28 
Plus 10 " Lee ere AeeO.e * 74.65 | 2477 : 4.05 
Plus 14 " Wate 3.89 78.54 Toot : 11.62 
Plus 20 " Mo weeer 2.85 61.39 8.67 .: 20,29. 
Plus 28 " tesa 2.89 84.28 11.82 + 32,11. 
Plus 35 "! — 1.85 86.13 9.05 “>: 41.16 
Plus 48 " WT ateudve Led 87.84 8.52: 49.68 
Plus 65 " wl | Segue 1.38 89.22 5.28 : 54.96 
Plus 100 " av . eso 3 21.08 10.12 : 65.08 
Plus 150" =" ..., 0.97 +: 92.55 4.77 : 69.85. 
Plus 200 ! Ds pfeeeeens 0.49 §: 93.04 : Ze0? > 73,42 
idinus 200 " i Sais ¢ Oeoo :. 100.00 : 27,08 ¢ 100.00 


a 


The discharge of each pair of primary mills is deslimed by one 13-foot 
Dorr bowl classifier. With the feed shown in the above screen analysis, about - 
31 per cent, by weight, overflows as finished feed for the slime flotation | 

section at 14 per cent of solids. 
about 38 per cent of the mill input copper. The remainder, comprising: the bowl : 
sands, is laundered directly to the secondary mills. Screen analyses of the 
two bowl classifier products are as follows: : | 
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Bowl sands, 


Screen analyses of products of the two bowl classifiers 


Bowl overflow, 


Mesh ‘per cent weigut retained:per cent weight retained 
: This mesn : Cumlative : This mesh : Cumlative 
PlUS) O°MeShs wow seus oes et. 0.50 -: 0.50 
Pius Gs gigi e ses wets 3 1.18: 1.68 
Plas VOW caceunte is ce aes 5.08 : 6.76 
Pitts: 12)" secatuewceewet DOs + 17.24 
Plus:20 1! ccaciisca ches ; ' 12.38 29.62 
Plus 20° toceucesecdese ° 16.70 46.32 : 
Pigs 65. :" icgatcesceusact. “ begel.: 59315. 4 | : 
PANS 26 WO oii eS bam 11.87 71.00: 0.73 3 0.73 
Plus 65°" s.35¢ce6s veda 8.50 79.50 ‘: 1.23 1.96 - 
Pls 100 © aacsedewas aces 12.50 92.00 3: 4,37 ; 6.33 
Plus: 150" -cuewawoee ceess 4.00 96.00 ; 4.50 =: 10.83 
SPAS 200M giao Sha cna sree 1.38 : 97.33 3.17 : 14.00 
Minus 200: \ to. ca cienaw es 2.62 : 100.00. 86.00 : 100.00 


The so-called’ secondary mills are identical with the primary mills es 
to design, size, drive, speed, and shell liners. Instead of having gravity feed 
chutes, however, each taizes it’s feed through a single scoop, as a means of ele 
vating the sands of the classifier with which it is in closed circuit. The mill 
discharge is also elevated into. the Classifier by means of a double-scoon eleva- 
tor of 4~-foot radius. While a 30-inch discharge opening has always been found 
advantageous on the primary mills, an 18-inch opening is preferred on the 
secondary mills. The secondary mills operate at, about 73 per cent of solids end 
the circulating classifier overflow at 20 per cent solids. Following are 
tyoical screen analyses of the various products in the secondary grinding cir- 


cuit, when working on towl sands of the screen analysis already shown: 
Screen analyses of various products. in secondary grinding circuit 
Secondary mill “Circulating a3 Circulating , 
Mesh " discharge, _ ¢_classifier sands, :classifier overilot 
per cent w weipat .4_per cent weight per cent weight 
ne se Be a Tanis mesn: Gandeige: pee mest Cumalative 
Plus 20 mesh.......: 0.30 : 0.30 : 0.70 : 0.70 ‘ ° 
lus 28 “ .......: 1.80 : 2.10 3.90 : 4.60 : 
Plus 35 "| .......: 5.60 : 7.79 8.10 : 12.70 0.40 0.40 
Plus 48  .......: 12.30 : 29.00 1&€.80 : 31.50 5.30 5.70 
Plus 65 ~" .teseses 12.30 : 32.30 17.10 : 48.60 6.90 12.60 
Plus 100 " .......: £6.10 : 58.40 31.40 : 80.00 16.90 29,00 
Plus 150 " ...... e: 11.20 : 69.60 11.70 +: 91.70 8.40 37.90 
Plus 200 " ....... >: 4.20 : 73.80 2.90 : 94.60 4.10 ; 42.00 
Mimas 200 " ....... : 26.20 : 100.00 : 5.40 : 100.00 : 58.00 ; 100.2 
. Includes flotation middling returned to the classifiers for dilution weter 
178 ~ 14 — 


~ 


I, C. 6358 


The circulating load maintained in the secondary circuit averages 170 
per cent, ° : 


Rod loads are maintained at 18 tons in all mills, both vrimary and 
secondary. Three-inch rods are used exclusively in the primary mills, while 
those used in the secondaries are. 2-1/2 inch, Scrap loss from the 3-inch rods 
averages 8 to 10 per cent, and slightly higher in the case of 2-1/2 inch rods. 
All rods are mankfactured and furnished by the Compania Fundidora y Acero de 
Monterrey, of Monterrey, ll. L., Mexico. Duties make the cost of imported rods 
pronibitive, The Mexican-=made rods, however, seem to be as satisfactory as 
those purchased in the United States. A typical analysis of these rods is as 
_ Follows: 7 


Per cent 
Chromium .....cc cece. gees : 0.25 
Sil CON, oo aeeew es Societe ess 0.14 
MAanGaneSe .....ccccccceccces > 0.62 
Phos »horus .......... peak aid ; 0.03 
Sea weeds ee we ee ee ee aig 0.03 
Carbon Mis ieretnewnmeta a 0.85 


The consumption of these rods nas averaged as shorm in the table below, 
which includes scrap loss, The hicher consumotion for 1929 was brouzht about 
by a lower tonnage feed rate per hour, to maintain finer grinding. 


' Average consumotion of rods 


; Pounds per ton of concentrotor feed 
3 1926 os 927 ss 928 ss 929 


EEE EC EEE Eee ee ee 


Primary mills......: 0.970 : 0,955 : 0.616 : 0.992 

Secondary mills....: 1.047 : 1,047 ;: 1.145 1.192 
, ae ; 

ROUEN - oedoietace a ,.t 2,017 : 2.032 : 1,961 : 2.185 


All Marcy mill liners are cast in the local foundry, Shell liners, 
consisting of 10 sections 8 feet long, and 10 sections, 4 feet long, for a 6 by 
le foot mill, have a single wave aoear ences center, and are 5 inches thick, ex- 
clusive of this ridge. There is no distinction in liners for rignt and left hand 
“mills. For about a year some of the secondary mills were used with balls in- 
stead of rods, and during this time triple wave liners were used. When the use 
'0f balls was discontinued, the surplus stock of triple wave liners was used up 
-in rod mills, at no observable detriment to their operation, 


Feed end liners are cast ina single piece, Discharge end liners are 
also cast in a single niece to 18 or 30 inches diameter, depending woon whether 
it is for a vrimary or a secondary mill. Scrap loss on liners is about 15 per 
cent; the scrapned liners are returned to the foundry for remelting. The follow- 
ing figures on liner consumption. include the discard Geigints 
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’ Liner consumption 


Pounds p2r_ton concentrator feed - 
> 1926. ..*... 1927 3. 1928. s. 19289 


Primary mills...... : 0.31 : 0.25 +: 0.23 +: 0,24 
Secondary mills....: 0.29 © 0.23 : 0.36 : 0.389 
Total .i.sseeeeeceee! 0.60 0.48 +: 0.61 : 0.63 


Shell liners last slichtl:, over a year; during 1928, 11 of the le 
operating mills were relined. These 11 sets of liners averaged a life of 9,500 
operating hours, each handling 184,700 dry tons of ore. The longest life ever 
obtained from any set of locallz cast liners was 15,541 operating hours, in 
Which time 306,104 dry tons of ore were ground by that miil. 


Regrinding of Middlings 


The only intermediate metallurgical product which is reground is the 
flotation middlings, and this operation is a very recent change and is still in 
the experimental stage. For that reason it mst be dismissed in the present 
paper with the passing comment that vromising results are being obtained. 


Classification 


In all, there are nine Dorr classifiers in the mill, of which three 
are of the bowl type. 


The three bowl classifiers are 6 by 20 feet with 13-foot bowls. The 
reciorocating ‘rakes ars on a slone of 2 inches per foot, they make 22 strokes 
per minute, and are Tex-rope driven by individual motors. The vowl rakes are 
also Tex-ro ve driven by separate motor, through Reeves variable speed transmission. 
A bowl rake soeed of five revolutions per minute is ordinarily maintained. In 
present practice a separation of 65 mesh is aimed at. It will be noted from the 
screen analyses oreviously given, that the sands contain 20.3 per cent of under 
size. A heavy stream of backwash-water is used at the head of the reciprocating 
rakes. 


The six circulating classifiers closing the secondary mill circuit are 
all 6 by 23 foot 4-inch and are set on a slope of 3-3/8 inches per foot. They 
are belt-driven from’a countershaft and make 20 strokes per minute. ‘Their sands, 
according to the screen analyses already given, carry 68.50 per cent of minus 
48—mesn material. This apparently inferior classification is not literally tmé, 
however, as this vroduct 1s heavily »yritic (carrying 26 per cent of iron, as 
compared with 10 per cent of iron in the original mill feed), and the selective 
grinding of the syrite which thus resuits is metallurgically advantageous. 
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Figure 4.— Flow sheet for the last six months of 1929, Nacozari concentrator 


Digitized by Google 


I. C. 6358- 


one sloves in the mill cireuit are as: Hoy TONE: 


- gs 


Launder Sloves in tne mill cireutt 


anne alee per “foot ‘ Per mane 
Bowl sands to secondary milis.. 44 rae. 
Circulating sands to secondaremilie. An1/2 : 
' .Plotation feed to flotation.........: : 7/16 - a a 
Primsry -rougner frothoist.icsivcwswd ~]- 1/2. ge Sica 
' Secondary rougher froth............. : tae. sue eS og | 
| General mill badlings. s+...) inst part oe LS 


mroveston a are 


-A complete flow sheet of the flotation section is given in Figure 4, 
and a distribution of the oes copper, iron, silver, end "insoluble" in 
Table l. , | ee 


The MacIntosh flotation machine was originated and developed at Na- 
cozari to meet conditions resulting from the changed physical character of tail- 
ings after the dev: lopment of selective flotation. While the primary objective 
of the machine was to keeo heavy sands. and vyrite moving freely through the 
circuit, it was immediately perceived that ‘the accomplishment of this purvose 
should automatically improve both mechanical and metallurgical efficiencies. 

The anticipated advantages did indeed materialize. Whereas the Callow machines, 
in which the entire mill feed was treated for nearly three years, recuired 

3.75 kw.h per ton of ore for blower air, the ifacIntosh machines replacing them 
operated under identical conditions on the sar2 feed and the same tonnage rate 
‘at an average power consum tion of only 0.55 kz.h per ton, including power both 
for air and for driving POV GES “At the same time, metallurgy was very materially 
amproveds | | = a ge , 


After the period of develosment and probation i. 1924-1925, twa of ° 
the three 1,000-ton Callow units were torn out in 1926, and in the space thus 
made available were put three 1,000-ton LiacIntosh units. As already noted, the 
third Callow unit was left idle, but was not torn out. 


Luring the MacIntosh development pericd, various rotor and cell dimen- 
sions had been tried, and the new installation was standardized with machines 
lO feet long, 38 inches wide at the overflow surface, and vith a centerline 
deoth of G2 inches. Rotors ¢ inches in diameter tere decided uscon. These have 
an end clearence insice the cell of 4 inches at each end. Each rotor carries 
-a longitudinal scraper whose sweep extends 2-1/2 inches outward from the rotor, 
so that the porous medium has no opvortunity to rub the sides of the machine. 
A very important function of this scraper is to pick up a:iy coarse material 
‘ Which ordinarily would tend uO Beveles sane ae it over the zone of maximum 

sper auroue | 


Each l, 000-ton unit consists. of ten 10-foot machines, there being six 
poachers and four cleaners. The feed, now consisting of the reground bowl sands, 
and comprising about two-thirds of the total mill feed, is divided froma dis— 
tributor to three primary roughers. These meke concentrates of about 15 per cent 
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copper and tailings of about 0.25 ver cent copper. The tailings of each of 
these pass to a corresoonding secondary rougher, which makes the final unit 
tailings of 0.12 per cent copper, but .i2u so doing produces low-grade secondary 
concentrates averaging not ovér:4 per cent copper. In the original flow sheet 
the primary and secondary rougher concentrates were joined to pass into the 
cleaner circuit, but in 1928 this was changed in such a way that the secondary 
rougher eeneedurt ce went directly to the middlings sump for return to the head 
of the circuit, leaving: only the »srimary rougher concentrates to go through 
tne cleaner circuit. More recently the secondary rougher concentrates have 
been considered to be true middlings, and those concentrates from all three 
MacIntosh units are now -being taken experimentally to a thickener, where they 
are being thickened to a sufficient density to permit their return directly 
into the secondary mills for some additional grinding. Prior to putting 
middlings regrinding into effect, the zrimary rougher concentrates, at 15 per 
cent coorer, Was sent to the primary cleaners, Which made a tailings of about. 
O.€0 ver cent copper and sterped the concentrates up to 20 per cent conper. 
These concentrates then went to the one secondary cleaner, which is set immed- 
iately adjacent to the tertiary cleaner and about 4 inches above it, so that 
the secondary cleaner, blinded on one side, overflowed directly into the ter- 
tiary, which also overflowed on one side only. -The secondary and tertiary 
cleaners stepped the grade up about 4 per cent and: 2 per cent, respectively, 
giving a final grade of .26 per cent copper as. against the theoretical of %.63 
per cent for clialcopyrite. Concentrates have been held as hich as 28 per cent 
to 20 per cent for pericds of a month or more, :but for coarse Feed this is not 
economical without proviston for regrinding of middlings. - . 7 


The tertiary siesier tailings have a known to go as high as 14 per 
cent, and in such a case the. limit of cleaning without intermediate regrinding 
was plainly being overstepned. The average grade of flotation return middlings, 
inéluding all returned:products, has usually averaged about the same as the 
assay of the original new feed. All was brought together in a common sum 
below the cleaners and vumped back to the circulating classifiers to be used as 
dilution water, since it averages only about 10 per cent of solids. Since it 
has averaged &5 per cent mims 200 mesh for many years, the classifiers had 
never been able to take out any of: the solids. for regrinding, especially since 
the same material had already overflowed these’ same classifiers in the first 
instance, before going to flotation originally. 


. Toward the latter part of 1928, a tendency toward eceaces difficulty 
in the »roduction of high-grade concentrates began to be apparent, and this 
trend became more pronounced in 1929, due to a somewhat finer dissemination of 
chalcopyrite in the ore, of the lover mine levels, which mre now producing a4 
larger share of the mine output. -During the latter art of 1929 many laborabry 
flotation tests were run to determine if the direct return of flotation middling 
to the head of the flotation circuit was metallurgically sound, and contrary to 
apparent conditions of some three or four years p: sevious, it was found not to be. 
The regrinding of middlings was accordingly apoltad to the mill eircuit in Feb- 
ruary, 1930. This has been too recent an innovation for the >resent paper to 
consider interms of general mill results. - None: of the data perens presented 


take that ene into account. 
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When, in July, 1929, senarate slime treatment was adopted, the idle 
Callow section was adanted to the ourvose for no other reason than that the 
machines and launder system were in »lace and could be reconditioned at minimum 
expense. Treating slimes only, with 87 per cent of their feed minus 280 mesh, 
the Callow machines do not encounter their old difficulty with settling sands 
to nearly the'same extent as formerly, although they still require ».unching 
out once or twice per shift. Their power consumption still averages 3.75 kw.h. 
per ton, just as formerly, and it is anticipated that they will be replaced by 
a more economical type of machine in reasonable time. 


A few of the MacIntosh machines in the plant are individually equipped 
- . With Bailey air meters, graduated in terms of cubic feet of air used per 
hour. These motors confirm other elaborate and accurate air tests which have 
been made from time to time, indicating that the MacIntosh machines, of the 
Bize already stated, use an average of 6,000 cubic feet of air per hour each, 
or 100 cubic feet per minute per machine. For the 30 machines operating, this 
is 3,000 cubic feet per minute, and the entire amount is furnished by one No. . 
5-1/2 Roots blower, @rawing an average of 55-horsepower. This blower furnished 
all of the flotation air required by the entire mill during the three years, . 
that the Hectntoeh. macnines were treating the entire mill feed. = 


Previous a6 the change to MacIntosh machines, each 1,000—ton Callow 
unit required one No. 7 Roots blower driven by a 150-horsepower motor, so that 
three of these blowers were running to supply air for the three Callow units. 
These blowers were all shut down, and two of them were sold and removed from 
the mill when the change to MacIntosh machines was made. Now that one unit of 
Callows is again running, the mill requirements for flotation air are met by 


one No. 5-1/2 and one No. 7 Roots blower. 


The porous medium used for the Callow machines is 2-nly canvas, 
quilted in l-inch squares. For a time, similar but unquilted canvas was used 
as the vorous rotor covering for the MacIntosh cells. Under such conditions the 
Callows operated at 4 »,ounds oressure per square inch and the MacIntosnes at 


about 3 pounds. 


For the past two years, however,. perforated gum rubber coverings have 
been used on the MacIntosh rotors. These are also a local development. They 
are high-grade gum rubber stock and have definite holes through them, 0.01 inch 
in actual, clear diameter, there being 180 such holes per square inch. These are 
rather more porous than canvas — in fact, when the sheets are held up to the 
light, one is able to see through them and distinguish objects on the other side. 
By means of a locally designed "porosity meter" the actual porosity of any 
medium is readily determined, and it has been found that these blankets vass__ 
as mich air at 1 pound pressure as will canvas at 4 pounds pressure. Indeed, in 
practice they are able to operate at very low pressures, yet, as it has proved, 
Without danger of back-filtration of solids. With these rubber blankets, the 
MacIntosh machines are operated at about 1-3/8 pounds pressure per square: inch, 
or just sufficient to give a comfortable margin in oe the Beseraatte 
head of the pulp in the machine. | a 


The average lifé of canvas flotation blankets at Nacozari is about : 
90 days. The rubber blankets last from six months to a year. Two are running . 
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which are more than a year old. 


Flotation Er Reazents 

‘Since the teAnaine of operations, stear-distilled dine oil has been, 
and continues'to be, the frothing reagent used. On the iacIntosh sections, 
this is added to the circulating classifier overflow, and has about 20 seconds 
of mixing action in the feed launder before entering the flotation machines, 
Ethyl xanthate has been the collector reagent added from 1925 to the present 
time. For about two years the potassium salt was used, but more recently the 
sodium salt has been found to possess satisfactory nurity and stability. It 
is fed in 6 por cent water solution, and the consumption on the MacIntosh 
sections averages 0.03 pounds of the solid reagent per ton of ore. The pine 
oil and xanthate are both fed at the same place-—in fact, from separete compart- 
ments of the same feeder. For the slime. section, the pine oil and xanthate are 
both fed from a similar feeder into the t runk. launder carrying the gneral sline 
feed, and about one minute of mixing action is available. Due to the higher 
content of oxide copper in the slime, and probably also to the greater mineral 
surface, the consummtion of xanthate on the slime section is slightly higher, ax 
averages 0.04 pounds per ton of ore treated. Nelther xanthate nor pine oil 
is added at any other place than to the pe pean feed of the individual 
sections. 


For Nacozari mill paca. certain of the nitrogen reagents have been 
found to yield better metallurgy than any of the sulpimr reagents such as the 
xanthates or the thiophosphates. The nitrogen reagents possess the ‘wo virtues 
of being able to float coarser mineral and of showing no tendency to float free 
pyrite in an alkaline circuit. As against this, however, the nitrogen reagents 
are not as effective as the thio reagents in the recovery of oxide copper. 
Several mill—scale tests have been run which indicate tailings eoual to, or 
slightly better than, those vield by xanthate and et the same time the grade 
of concentrates has appearsd to be higher by about 2 per cent copper. 


All ‘lime used in the mill is fed in the dry state from a single feeder 
of the ratchet-and-pawl type upon fhe conveyor system leading from the fine ore 
bins to the primary mills. No lime or milk-of-lime is added at any other place 
in the metallurgical circuit. Prior to the adoption of sevarate slime treatment, 
the consumption of dry burned lime averaged 5.5 pounds ver dry as of ore treat- 
ed. Since that time, the consumption has varied between 3 and 4 pounds. The 
grade of lime used averages about 60 per cent available CaO. On the present 
flow sheet, the tailings water of the three MacIntosh sections titrates about 
0.10 pound CaO per ton of water; from the Callow slime section, the titration 
averages about 0.35 vound per ton, the larger ‘excess at that poing being due v0 
the tendency for undissolved lime to overflow the borls. A milk-of-line syste 
may eventually replace the present dry--lime feeder. 


_ Lime is senresied by hourly titrations of unit tailings water with 
standard ‘sulphuric acid solution. Determinations of RH values of mill solutiozs 
have been made at various times, but no direct metallurgical relationship has 
been established, as applied to present practice. A continuous, recording, 
graphic conductivity meter was purchased in 1924, and this has. been found very 


satisfactory a8 a means of securing continuous graphs of alkalinity variations 
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Figure 5.- Liquid reagent feeder 
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It is not ordinarily used, however, excent for snecial test »urnoses, though it 
could readily be made to actuate and regulate the lime feeder mechanism. 

A sketch of the reagent feeder used ror xanthate solution and pine : 
oil is given in Figure 5. 


Separate Treatment of Primary Slimes 


As already described, the secarete treatment of primary slimes has 
veen in effect since July, 1929, and has resulted in s very definite metallur- 
gical improvement. The product treated separately is not true primary slimes 
in the sense of containing only the original fines of the mine ore. The pro- 
duct does indeed contain practically all of the original mine fines, but in 
addition it contains the minus 65-mesn material vroduced by the  rimary mills. 
The advantage of primary slime treatment eppears to have been governed by chem- 
ical factors, rather than to have had anything to do vith tke flotation of 
"sized mineral," if tne colliodal espect af the situation be included in the 
chemical cate SOry. 


The following table, giving the essential data of separate slime 
treatment, expresses the averages. for the months of July to December, inclusive, 
1929: Average results of sand and slime sections 


: pe —~ December, 1929 © 


: 1ime section: Sand section:Totel mill 


eo 


weight of total mill feed, per cent...: 69.30 : 
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50.70 : 100.00 
Analyses of feed: | | ; 
Total conver, per ceont....... : 2.93 : 2,60 3 2.70 
Oxide copper, per cent.... Q0.110  : ~ 0.039; 0.061 
TTOn;. DCT Cent av de adayeee cees : 6.87 : 11.80. : 10.75 
Insoluble, per cent.......... : 69.12 : 66.13 : 67.05 
Analyses of concentrates: : f~ ee : 
Total copper, per cent.......: 22.89 : - 28,48 : £5,08 
Iron, per cent.....c.ceeeeeee : 24,15 > 28.56 : 27.03 
Insoluble, per cent...... cepa 19.594 > 12.50 : 15.08 
Analyses of tailings: “fa : 
Total copper, per cent.......: 0.12 : Q.13 ; 0.127 
Oxide copper, per cent.......3 0.050 : 0.085 : 0.040 
LYOn, DOT “CONE 6 s:5 na 4ae3 Ges Sy oe. 8%s 6.08. 3. 9.82 : 8.69 
Insoluble, per cent.......... >: - 76.26 —:3 72648 8: 73.62 
_ Recovery: ; _ : ‘s 
: _. Total copper, per cent...... : 96.55 : 95.51: 95.86 
‘Oxide copper, per.cent.......: 60.32 a 18.17 : 41.10 
' Iron, per. CONG. eee pe eee sence! 56.57 > 6s 25.63: 28.25 
Insoluble, pér cent.........62 7 3.66 - 3; 2.00 : 2.53 
Concentration ratio. Se ee rere ee eee 7.89 3 9.44 ; 8.90 
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The following table gives the mill total copper recovery by individ- 
ual mesh sizes of flotation feed for six months receding the introduction of 
Separate slime treatment, in comparison with a four months average period 
throughouti which separate treatment was regularly in effect and reflects the 
benefit to recovery in the two extreme sizes. | 


Comparison of copper recovery by ordinary and separate treatment 


: Per cemé recovery of total copper in feed by in- 


: dividual mesh sizes | 
*____e 65:~-65+160 :- 1004150 11504200: -200  : Total 


Ordinary treatment: @1.11° : 93.95: 97.41: 98.37... 94:40 + 93.56 


Separate treatment: 


Sand....... leet 68.51. +: 93.32: 97.95 : 98.76; 97.00 . 95-81: 
Slime.........: 67.70 : 87.89: 96.07: 98.21: 97.16 « 99.55 
Total......... : 87.93: 92.92: 97.70: 98.66; 97.08 . 95.87 


Conveying 


The Nacozari concentrator has four pen conveyors or pan feeders; four 
belt conveyors in the crushing plant: nine other conveyors handling crushed 
Ore; tio conveyors handling concentrates: and one bucket elevator handling 


concentrates. 


Tne four bottom openings of the coarse ore bin are each discharged 
by a Webster 48-inch by 14-foot 6-inch pan conveyor. These handle mine-mn ore, 
up to 16-inch size, at the rate of 95 tons per hour each, travelling 7.1 feet 
per minute, The flights are covered with 2-inch white oak, which is renewed 
about once every three years. The ore travel is on an upward slope of 17. 


These conveyors are driven by Chabelco chain and sprocket through a clutch. 


In the crushing plant, convevors 1- and 3 eecn receive the discharge 
of a Wo.. 8 McCully crusher,: together with by-passed fines, at a maximum size of 
4 inches. These travel 200. feet per minute on a 20° upward slone and are 49.5 
feet long between centers. ‘They handle 95 tons per hour, each, They are 6-p}y 
belts, 36 inches wide. ae : 


Conveyors 2 and 4 in the crushing plant are’also 6-ply belts, 36 inches 
Wide, 19.feet long, eenter to center. They’ handlé the Telsmith crusher dis- 
charge, at a maximum size of 3 inches, to'the Symons crushers, together with by- 
passed fines, at a rate of 55 tons per hour. These belts mike 200 feet per 


minute, and aré on an up-slope of 20°, 


The éntire crushing plant output of ore, 190 tons per hour at a max- 
imum size of 1-3/4 inch, Joins upon conveyor 5 and'is taken to the fine ore bin. 
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This belt is 327 feet long, center to center, is 24 inches wide; ‘B-ply, and’ ~ 
travels 450 feet per minute. It’ works horizontally for a ‘distence of 30. feet, 
end the remainder of its length is on a l6™ slope. 


Conveyror 6 is horizontal belt: across tne fine ore bin. It tales the 
total load of conveyor 5 and discharges over a Stephens-Adamson automatic, 
movable belt tripper. This belt is 24 inches wide, 5-ply, 177 feet long between 
centers, and travels 450 feet per minute. 


Conveyors 7 and 8 are parallel horizontal belts beneath the fine ore 
bin, and each nicks up the discharge of 17 Webster 18-inch apron feeders. These 
belts each handle 55 tons per hour of mill feed at a maximum size of 1-3/4 inch. 
Both are S—-ply belts, 175 feet long between centers, 20 inches wide, and travel 
208 feet per mimte. 


Conveyors 9 and 10 are parallel belts, . right angles to, and re- 
ceiving the discharge of, conveyors 7 and 8 respectively. They have the same 
characteristics of conveyors 7 and 8 in every way, excent that they are on a 
20° slope and are 48 feet long vetween centers. 

Senveyoue ii, 12, and 13 are resnectively the feed belts for the 
three mill sections. They also have the same characteristics as conveyors 9 
and 10, except for distance of travel. The three lengths are respectively 112 
feet, 46 feet, and 45 feet, between ‘centers. 


Power for ore aa aye averages 0. 53 kv. h. per ton of ore, for the 
entire system above detailed. There are no elevators handling ore, and all 
elevation is gained by the inclination of the conveyors. However, the sum of 
these inclinations is the eauivatent of eheverene the entire mtI1 feed a ver- 
tical distance of 125 feet. 


Conveyors 14 a 15 until : “recently handled that portion of the flo 
tation concentrates which was customarily settled -.and dewatered by gravity. 
As all concentrates are now f peeerce these conveyors stand by for emergency 
only. 


There is only one bucket elevator overating in the Nacozari concen 
trator (although a similar elevator stands by as a spare). This is equipped 
With an 18-inch belt, 115 feet total belt length, making a: speed of 364 feet 
per minute, with buckets spaced 32 inches apart. It handles such flotation © 
concentrates aS are thickened, this ‘amounting to 170 tons of solids per day, 
at 60 per cent solids. The average power consumption is 2.80-horsepower con. 
stant input. | ; a | 


Prior to 1926, the lay-out of the flotation plant was such that the 
middlings returned to the head of the circuit consisted of rougher concentrates 
only. Due to the frothy character of this product, it was all handled in air 
lifts, With the new MacIntosh plant lay-out, however, provision was made to 
return cleaner tailings rather than rougher concentrates, and this product is 
now all handled by centrifugal pumps. With the restoration of one section of 
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Callows in 1929, >umps were nut in to handle their middlings also; this contimes 
to be rougher froth as formerly. All pumos for middlings service, and for tai]- 
ings elevation as below described, are cf a standard design and of the standarj 
size of 4inch, with 18-inch runner. Tirese -umos, designed and patented by 

H. Littlewood, concentrator master mechanic, are cast in the local fowdrv; they 
are of hard white iron, and their design is such that no machining is required, 

Runners are keyed to the shafts. These pumps are made very cheazly - at abmt 

15 per cent of the price at which equivalent pwms could be imported - and the 

local practice is to scrap them and put in hew -umos as soon as they fall below 
a stipulated standard of efficiency from wear. The worn parts are, of course, 
returned to the foundry ‘as scrap. 


Beginning in 1926, it has been necessary to nump the general mill tall- 
ings into the tailings disposal basin. This has been at gradually increasing 
heignt; the vertical pumping lift is now 67 feet high and is handled in two stzzes, 
The following table gives the essential data on pulp elevation by means of cen- 


trifugal pumps. 


Puming data for clear water are given under the subject of Water. 


Data on Puly Flevation by Means of Centrifugal Pumps 


¢ Flotation middlings : General mill tailings 
: Callow pmo nvest sLower stage:Upper stage 


Number of .um>s rumning..........: re oS Ss 2 | : 4 
Number of pumos Breoeane Di vacwws 1 : 3 2 1 
Size of pumpe, inches. i ari eicatias ats ; 4. | 4 4 4 
Diameter of runnors, inches So eeaca Cer 18 18 18 | 18 
eed revolutions per mimite... 7 690 720 830 680 
Horsepower of aotees saci doi ieapeee £0 10 40 | 20 
Average pover invut, kw...... eeeenaee 9.8: 10.2 ~ 21.38 : 12.9 
Vertical iastariierttnenresd 45 '5" 351 aan oy in 
Solids in Suis per a a leo : 13.1 “19.1 19.0 
Soecific grevity of pulp......... : odds) oS 
Gallons pulp per minute..,...... - 154 : 112 .. 852. ; 852 
Average efficiency, per eet cea: 25 =.35 : 30 - 45 45 55 45 = 55 - 
lyroth. a | | (ee > 

- 4 - 
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DEWATERING AND HANDLING OF CONCENTRATES 


' The Nacozari concentrator ->roduces but one class of concent rates-- 
flotation concentrates, but this »roduct comes from two sources — the one 
Callow slime unit and the sum of three MacIntosh sand untts. 


Because of its relative coarseness, the dewatering of flotation con- 
centrates at Nacozari has always been attended by some difficulty because of the 
settling and packing of coarse mineral, with consequent brealzage of thickener 
rakes and filter agitators. Because of this condition, it has not even yet been 
found feasible to send all flotation concentrates directly to thickeners. Until 
very recently it was the oractice to table all concentrates and thus to separate 
out a portion of the coarser mineral vhich could be settled and decanted by 
gravity in bins somewhat of the Blaisdell tyne. Filtering 70 per cent of the 
total concentratés »nroduction (consisting of the finer material) and settling 
the remaining 30 per cent, gave an average moisture for the total of 12.50 per 
cent. 


At the present time, hoWever, means nas been found to filter the entire 
concentrates production, anc the average moisture of the entire tonnage has 
taereby been reduced to 10 per cent. It had been noted that the froth of the 
final flotation cleaner cells was averaging above 40 per cent of solids, and 
it was found that, with a little care, this could be maintained at approximately 
50 per cent of solids. .This was deemed to be of sufficient density to send 
directly to the filter, and launder connections for the purpose were put in 
from two of the MacIntosh units directly to the filter. The third MacIntosh unit 
concentrates, together with the concentrates of the Callow slime section, are 
taken to a thickener, as they togetner do not contain enoush coarse material to 
exceed permissible limits. . This joint product,. thickened to 60 per cent of 
solids, is taken to the same 14 by 14-foot Oliver filte- which receives the | 
total concentrates of the two above MacIntosh units directly, thus making a 
total filter feed of about 55 per cent of solids. The one filter, operating 
thus, is able to handle the entire mill production of concentrates, amounting 
to about 275 tons of solids per 24 hours, Agitators in tae filter are of the 
oscillating type, with a 2-foot stroke, and they make 26 strokes per minute. 

The agitator is driven by a motor senarate from that driving the drum. The drum 
makes one revolution in 11 mimtes. 


The filter is covered with Mo. 17-ST canvas twill as furnished by the 
Oliver Co., or the Filter Fabrics Co. of Salt Laxe City. This is the same 
material as formerly was used for covering MacIntosn rotors, rior to the time 
of developing perforated rubber. The filter covering is backed with l-ply of 
10-ounce burlap, and is wrapped with No. 12 Premier spring wire, spaced 3/4 inch 
between turns. The life of the blanicet avereges four months. 


The oulp filtered is barely allzaline to nhenol.: ohthalein, varying from 
&.3 to about 9.0 oH. The temperature ranges from about 40° PF. in winter to 65° 
in summer. : ; : 


| fornerly, Nash Hy-tor vet-vacuum pums were used to produce vacuum 
for the filters and the gravity bins, there being one such pump for each filter, 
and one for each bank of eight bins. In 1929, however, these were all replaced 
by one dry-vacuum punm. In former years, when flotation middlings were being 
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airlifted back to the head of flotation, tro 20-pound duplex Ingersoll-Rand 
XRB~-1l compressors Were used in this service, and they were rendered idle when 
centrifugal pumps rezlaced the air-lifts. It is one of these compressors which 
is now used as the dry-vacuum pum), the compression havitig been reversed. Only 
one cylinder is used. This machine has proved to be very satisfactory for the 
purpose and gives 20 to 23 inches of vacuum at the filters, with an average | 
imout of 33 kw. 


With a freight rate on concentrate to the smelter of about $2.40 per 
ton of material hauled, the use of a drier to.wrk unon filter cake has been 
given careful consideration, but ~rofit from such an additional operation has 
not been found demonstrable, and no such device is used. Indeed, as the concen- 
trates are several days in transit to the smelter, solar evavoration is suffi- 
cient to make possible dust loss a factor to be guarded against. 


The amount of water recovered for reuse is tabulated in the water 
balance given in Table ¢. 


DEWATERING AND DISPOSAL OF TAILINGS 


All mill teilings join in a comion launder at the maxim elevation 
practicable below the flotation floor and, without thickening, are thus trans- 
ported a distance of about three-fourths of a mile to the tailings disvosal 
basin; which is a sice canyon tributary to the Nacozari River. The flume goes 
over rough terrain, around curves and through some smeil cuts, and is supported 
on trestles across gulches where neceasar;*, For 1,290 feet of the distance, 

it passes throuzh a 5 by 7-foct tunnel. 


During 192° an average of 2,295 dry tons of tailings were produced 
ver 24 hours of ectual running time. The average screen analvsis was as follovs: 


Averege screen analrsis of tailings | 


: Per cent Weight retained 
; This mesh: Cumulative  __ 


Flus 355 : 1.80 : 1.80 °° 
Plus 48 : Deed : (eae 
Plus 65 7.16 : 14.27. 
Plus 100 /14,92 ‘ 29.20 
Plus 150 : 8.10 : 37.30 
Plus 200 : 4.48 : 41.78 
58.ea2 ‘ 160.00 


Minus 200 : 


-The entire tailings launder is on a graie of 1.5 per cent, this belzg 
the minimum slope that will satisfactorllyby-carry the tailings with the screen 
analysis above snown. On straight stretches, a grade of 1.2 per cent will carr, 
though with the danger of choking in the event of surges of oversize. This 

launder, made of 2 by 12 inch lumber, has 22 inches inside width 4n the clear a 
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10 inches inside dezth. The toiling stream orcitisrily runs 4 to 5 inches deen, 
averaging 19 per cent of solids. The streem velocity is 9.2 feet ver second, 
corrected for draz. The launder is lined on voth sides anc the bottom with 
l-inch wood, the bottom iining being crosswise of the strenm to prevent channel- 
ling vith the srain. The sections of the launder are of a standard length of 

14 feet, which is elso the spacing between tents on the trestles. At each 
‘Joint, and at trvo other points in each 14~-foot section, the launder is tied 
togetner by circumscribing quadrilateral ties of 2 dy 4 inch lumber. 


The »resent teilings distosel site wes a virgin area when tne mill 
vegan operating in 1922. A sand den, made up cf the coarser portion of the 
tailings, was gradually thrown across the mouth of the canyon by drop ving this 
material through spigots or autom:tic thickening cones, by gravity, from a tres- 
tle of sufficient height. New trestles were built across the face at intervals 
as the height’of the dam increased, and the process was rexeated, each addition 
being stepped backs to conform with tne angle of repose. The water end finer 
sands were conveyed by launder uwostream from the cam so formed, and there im- 
pounded by the dam. A vertical concrete spill-way chimney was vrovided inside 
of the sand daa, with a tottomn outlet through a tuxnel in the toe rock at the 
level of the canyon floor. Four-foot acditions to this chimney Were poured as 
necessary. This chimney served chiefly to carry off flood waters or excess water 
not returned to the mill, 2nd to control the water level of the imocundage lake. 


As the tailings pass tnrough a tunnel enroute from the mill to the 
pond, it was necessary to bevin eleveting tailinss in i925 when the basin filled 
u> the available space to the tunnel level and under such conditions to do this 
pumping at the tailings pond rather than at the mill to avoid the expense of 
constructing a nev tunnel. 3 


Four-inch Littlewood sand tums were cut in for this service, as al- 
ready noted, and they continve in use to the rresent time. A new tunnel, 100 
feet above the old location, is now teing constructed and will be in service 
in mid-1920. All tailings elevation peps will then be located within the mill 
building. The 100-foot lift will be negotiated in tvo eoual stages. 


Due to settin, back: with eecn rise of the tailinss daa, the vertical 
spillway chimney is nov outside tue face of the upocr ~ortion of the sand dam, 
An overflow ditcn cut in the hillside now serves the same surcose and discharges 
into the to» of the old chimey. The total height of the sand dam is now an:rox- 
imately 140 feet. At its crest it is 975 feet long. The d2m has never been 
broken or "lost" despite the fact thet the canyon in wnich it is located drains 
aporoximately 3 square miles. The heaviest rein yet recorded in the vicinity 
has been 6 inches in 24 hours. 


At present, about 750 gallons of water per minute are being recovered 
from the tailings pond. This is taken out of the pond by a centrifugal pum 
mounted on skids at the shore line and is returned to the mill in a 12-inch red 
Wood stave sipe line. At the mill this line discharges into the sump tanks which 
also serve the returm water recovered from concentrates thickening operations, 
and is thence pumped back to the head of the circuit. 
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SAMPLING 


The concentrator, as Milt in 1922, was equiz red with comlete axto- 
matic sarmling system, the seamlers all being actuated simultaneously by water 
pistons, centrally controlled from a tizging box. All significant intraprocess 
products were sampled autometically on each unit. Contrary to practice in the 
former mill, -however, no general heads sampling plant was vrovided, the samlin 
of the feed to the individual mill sections being depended upon for this. The 
sammling system remains essentially the eeme to the present time, except that 
of course simlification of flowsheet has eliminated a number of the samples 
Sornerly talcen. 


The weight of ore chargei to the mill is accurately controlled by 
traci: scales located at the mins. These are periodically inspected by the scale 
department of the Sovtnern Pacific Rallvay. In addition, each of the three 
mill sections is equi:y.ed with a Merrick Model "&" welghtometer. These serve 
Chiefly to give the cistritution of the ore by units and by shifts. 


All cars of concentrates shipoed are also weighed by track scales es 
they leave the mill. These scales are similarly subject to rigid inspection. 
The cars are individually sa:mled br hand, by means of a slotted vipe. The mill 
weights snd assavs of concentrates shinrved are used only as a check, Smelter 
settlement Weights and assays govern in the final mill control accounte. 


The tailings of ths three MacIntosh units and the one Callow mit are 
individuelly sampled by snifts making 4 sammles per shift or 12 tailings sales 
ner dey. In addition, the generel mill tailings are samoled by shifts, givirg 

three more or « total of 15 tailings sxmoles per day. The unit tailings ere 
titrated for copner colorimetrically and the general samples by the iodide 
method as a chec!:. As a further checl: unon overations, the three MacIntosh wits 
and the Callow unit are sampled ani titrated for conper hourly for five hours a 
each day snift, making an additional 20 samples per day or 35 in all, Montaly 
commosites of the general mill heads, tailings, and concentrates are sent to tue 
Dovglas laboratory ezcn month for checl: assav end complete analysis. Under 
these conditions, there is sufficient assurance of the eccuracy of the assay of 
tailings losses. 


, Under these circumstances the mill control data mst be correct, for 
the weight of feed and concentrates is fixed by scale weights independent of 
the mill, thus also establishing tne weight of tailings by difference. once 
trates assay being acceoted as returned by the smelter, the heads assay’ as deter 
mined by nine samples daily must check the tailing assey as determined by 1 
samles daily, to satisfy the relaticn Eh - Cc - Tt, where H, C, andT, are 
tonnages of heads, concentrates, and tailing, respectively, and h, c, andt 
their respective assays. | 


Any discrepancies which cree. in, as well as certain small mt w- 
avoidable mechanical losses are reported as "unaccounted for loss or gain." 
The average annual loss or gain for the past several years has deen as follots, 
expressed as percentage of total mill input of copver: 
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Year Per cent 


1925 : 0.03 loss 
1926 ; 0.13 gain 
1927 : 0.13 loss 
1928 : 0.09 gain 
1929 : 0,11 loss 


average : 0.06 loss 


yor many years, a moisture determination vas made won a mill heads 
sample talzen at the feed chutes of the -rimary mills. Recent increases in dust, 
hovever, have made it necessary te intreduce-weter. sprays at various points, 
and this rendered a moisture determination valueless. An arbitrary value, equal 
to the average of the -three previous years, is now taicen. 


WATER SUPPLY 


Practicaliy ail new _Waver used in the mill cores from the Huacal Dem 
and Reservoir, located ‘avout 3 miles northeast of Nacozeri.: The dam, 100 feet 
higa, lies across a narrow canvon at tuet point and inmounds in the more’ oven 
country above a total of siichtl-, uncer one billion gallons of water, mostly 
from the run-off of the summer rainy season. The dam usually begins overflowing 
the spillways in julzy. Ordinarily the level drops to about 20 feet below the 
soillwavs before the rainy secson of tne following yesra The dam site is at 
sufficient elevation that the water flows ty gravity to the supoly ten of 
990,000 gallons capacity at the head of tne ni11, throvgh a pipe line 2.91 miles 
lone. Half the line is @-inch riveted and ashpalt—-dinned pine; for the remain- 
ing distance, 16-inch pive cf the sane kind is used. The line passes through 
tvo "break=pressure boxes" to hold the pressure upon the line within safe limits. 


In emergency, water may also be taken from the sands of the Nacozari 
River by pumping, although the Huecal Dam furnishes an abundant sunplyv. 


An analysis of the water from these two sources ig given in the table 
below, with similar data for reclaimed water. All water used in the Nacozari 
mill is quite uniform and clear and contains no salts of proved detriment to 
flotation. It is not subjected to ary pretrentment, excent as it meets lime in 
the mill circuits. It quickly tnxows down its carbonates and bicarbonates, how- 
ever, at points of contact with the iime-containing reclaimed water end scaling 
up of lines at those points has been a-wtiatver of some concern and difficulty. 

Tne remedy is to so arrange the water circuit that the two classcs of water do 
not some in contact in pipe lines, but this objective hes not been woes achieve 

As noted in connection vith concentrates handling and tailings Avepocal 
water is reclaimed in connection.with both those operations, The distribution 
is as follows: | 
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soos er ton of ore milled , 


New erv.eersveene ec eo everest ease seeos veers 523.6 
From tailings poud...es.sseccsvene 201 
From concentrates tniczeners...... : 255 4 

Total 1185.3 


Detailed data on water consusmtion are snown in the water balance in 
Figure 6. | 


Following are tynical analyses of the new water evailable for use in 
the Nacozarl concentrator, in parts ver millioa: 


Huacal Dam Nacozeri River 

NAC heudietheete eee -= 220069 

COOL separ ohn Ses Let? --- 

NEOSOA ois hid ees -- 42.10 

21S 0) re eee ee 15.00 89.10 

CHUN C2) Sit sutaideneers 119.09 262.00 

Ne HOO 2) 96 6s tone _ 2.09 175.70 

Pe COs) Scape de * 3327 17.50. 

Se isu heteaceces 11.09 25.00. 

During most of 1929, monthly conmcsite analyses of the tvo classes 

of reclaimed water were regularly made. These avereged as follows for nine 
months: 


Average of monthly comosite enalyses of the 
two classes of reclaimed water, for nine months 


er 6 0 ce eee < oe ee + Queene . . ee -: oe oe 


- Total: :Orgunic : : : 
:Cissoived; . anc : SiO. :FesO,: CaQ : MgO : S0,: (1 
: sclids ‘volatile: ar - : ; 


e e 
Canim we PE tee 


Dorr thickeners.: 443.0: 38.0 : 11.1: 2.3 :116.7: 3.3 :195.5: 6.0 


Tailings pond...: 758.2: 5.3 : 12.3 : 2.3 :207.8: 3.6 :350.1: 8.2 


. 
See eee 


The mill return water »umps are located on the thickener level near 
the foot of the mill. Water from the tailings pond comes in at the same level. 
The two classes mix and are pumped to the head of the mill by two Aldrich tri- 
plex pumps, 14-inch diameter, 12-inch stroke. There are three return weter 
dtorage tanks at the head of the mill, but most of the water is taken out of 
the line for use at the levels required, without being pummed to the elevation 
of the tanks. 
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* Mechanicel efficiency tests are made uyon these sumps periodically, 
by measuring the power in>sut and motor efficiency while the pump is filling a 
tank of known elevation and casacity in measured time. Following are data from 
such a test: | : ; 


2 pe De Td: es Oe eso ee ree ee eoeeacve . , 43.8 © 


Gellons per minute......... . (892.84 
Mean 1lift,-feet...........: 145.2 
Net horsevower to pum)..... 41.52 
Per cent mechanical effi= ~ 

© C1L60Cv: 1.45 eacswene Boeces 78.97 


Small quantities of water are ,icked up from various sources by 4-inch 
centilfagal pumps of the Littlewood type, and are so handled to the main return 
water pumps. The total power for water puiming for 1929 averaged 0.97 kw.h. per 
ton of ore. This, of course, is for reclaimed water cnly, as it is not necessary 
to sump any fresh water. : 


CONCENTRATOR RECOVERY. 


Complete chemical analyses of concentrates and tailings are given 
in Table 4; metallurgical data are shown in Table 5.. Data upon the constitution 
of concentrates, as revealed by the microscove, are obtained chiefly by frecuent 
observation of fields -of the several mill ‘vroducts. Netermination and micros- 
Copic analysis of balxelite-mounted specimens have also been made by the Douglas 
laboratory, but as remaried elsewhere in this paper, these data are not yet 
considered to be fully coordinated as a'means of operating control. 


A series of laboratory studies have been made at Nacozari to determine 
the "critical size of flotation'--that is, the size above which concentrator 
recoveries begin to fall off, even thou,zn the particle be sure cnalcopyrite. 

By laboratory methods, the critical point for »ure, free chalcopyrite was found 
to be 100-mesh size with xanthate as the collector. Under conditions paralleling 
those of the mill, recoveries raoidly decreased as the mesh size increased, 

until they had dropped practically to zero at 28-mesh size. This is fully borne 
out ‘by the regular milling results, as shown in the table of recoveries by meshes 
already given. Under conditions of relatively low alkalinity, however, it is 
found that the chalcopyrite need not be ground free from gangue in order for 

it to float. Microscopic examination shows that for particles of 100-mesh size 
or finer, it is necessary only to have a minute showing of chalcopyrite exposed 
upon the surface of a particle in order for it to float, even though the bulk of 
the particle te barren gangue. To a lesser extent, particles coarser than 100- 
mesh size can also be floated if only they heve chalcopyrite exposed. In high 
alkalinity on the other: hand, pea of any mesh must be nearly pure chalcopy- 
rite in order to float, 


In the low alkalinity now maintained at Nacozari, the class of mixed 
grains which readily float in the rougher cells float nearly as well in the 
Clanner circuit and so appear in the final concentrates, diluting the latter 
With their attached gangue. With present grinding, such as shown by the screen 
analyses presented in Table 3, the mixed grain material goes to final concentrates 
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or to final tailings denending, resvectively, uoon whether low or high alkalinit; 
is used. In the absence of frovision in 1929 for the regrinding of middlings, 
it was more profitable to throw the mixed grain material to concentrates, and 
that was the practice folloved. To grind Nacozari mill feed to the point of, 
say, 90 per cent absolute libration of the chalconyrite would require about 
200-mesh grinding, the cost of which not only would be prohibitive, but would 
be unjustified, in view of the fact that exmosure rather than liberation of the 
Chalcopyrite is all that is necessary to effect a concentration of the mixed- 
grain material and to give a reduced bull: of material to be reground. 


No direct measure of the effect of fineness of grinding upon grade 
of concentrates produced is available, because this is--as just stated--partially 
a function of alkalinity in directing mixed-zgrain material to concentrates or 
to tailings. The following table gives a comparison of the copper losses in the 
plus 100 and mims 100 mesh sizes for the last six months of 1929. 


Comparison of copper losses in plus 100 and mims 
"00 mesh sizes ror the last six months of 1929 


: General mil] tailings 
: Per cent weight ;: Per cent copper 


Plus 100 mesh......... saat 31.40 | 0.210 

Minus 100 mesh............ : 68.60 Ea 0.086 

AB PEL soa teedinonee sese : 100.00 0.125 
SAFETY 


No article upon any Phelps Dodge concentrator plant would be com 
plete without some mention of safety. For the past several years an unmsually 
comprehensive campaign has been under way, with constently increasing momentum. 
The results have been most gratifying, in point of reduction of accidents and 
hazards, and of improvement in the soirit cif alertness and enthusiasm. With 
an average of 125 men working per day, there have been but two lost-time acci- 
dents in the Nacozari concentrator since September, 1925, and both of these 
were of a minor character. | 


COSTS 
Table 6 gives concentrator operating costs and Table 7 gives a sui 


mary of operating costs in units of labor, power, and supvlies, averaged for 
the years 1928 end 1929. 
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I. C. 6358 


Table 5.--lMetallu¥gical data for last six months of 1929 


Total ore treated, tonS......ceresseceaes eieadewe 403, 83° .00 
e Days onerated~........ Arete eee ter cence ewer teens 169.00 

BOUNS ODCTAVEC. De 0a .6c6h aod t aes Pew Rees o----- 
Averege ore treated per 24 hours actual opera-— | 

tion of total. Mill: Pons vtccvdcduaen es 2,516.10, 
Average secticnS running”........ eee ee eee sree ee 0 eee 
Average ore treated per 24 hours per section, 

COMMS ck, <avevele 4 se Ae wae Ba 8 aa eres Pees a eee on 838.57 
Total copper, concentrates, tons.......... Stesanete a 45 , 359.55 . 
Concentrates ver 24 hours actual operation. ‘otal 

Ml Do “COn8 bss ee Rae eae ewes oe 282 .87 
Recovery of total conver, per cent.............. 95.862 
Recovery of sulshnide copper, per tent.... ...... 97.182 
Recovery of oxide copper, per cent.............. 33.401 
Recovery of. 201d, Der CONntwso ses eine iaw te eww hee 70 «000 
Recovery of silver,.per cent............ Mane wens 84 ,940 
Ravio: Of Concent rallOnvswievedetwina pe iidee woos ee 8.903 
Water consumption, gallons per ton ore, total... 1,193 
Vater consumption, gallons per ton cre, fresh... — 524 
Water consumition, gallons per ton ore, return.. 669 
Rod consumption per ton ore, »nrimary mills, pounds 0.993 
Rod consumption per ton ore, secondary mills, | 

DOUNG Ss orice deiner atawret wae o dato a8. oe ood eats lel9e 
Liner consumption ver ton ore, primary mills | 

WOUNG Sin cS ciustee nein Sone eee hae pew ae 0.24 
Liner consumption per ton ore, secondary mills | 

DOUNGS 3.444 sae wie tae Pd eN ah cea 0.39 


1M411 does not operate on Sundays or Nexican national holidays. 

“of the total 184 calendar days covered’ inthis report, the con- 
centrator actual operating time was equivalent to three units 
(the entire mill) being in operation for 87.151 per cent of 
the total possible calendar period. 
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Table 6.--Costs —- years 1928 and 1929 - per dry ton ore 


Note: Costs given below are for the total two year period 
: Total: 4 Totaly: Grinding : :Total 


: labor: Power:suoplies: materials : Flotation: :Miscell-;: 
: : : —— reagents: royalty raneous _ 


Crushing and : : : : : 
conveying...:0. 0262: 70. 0117: 0.0236 : -- : -- : -- :$0.0615 
Primary wind. ae ; : : : 
Ine 6 kt ean: «OLLT: 0485; 0047 : 0.0416 : -—- -- :  .1059 
Secondary ; : : ; : : : 
grinding....: .0127: .0457: .0045 : 0541 ; -—- : -- : i170 
Flotation.....: .0105: .0100: .0084 : 00667 : 0.0097 : -- : .1053 
Concentrates : : t : _—- a 
handling....: .0089: .0042: .0039 : -- - 0 : -- :  .0170 
TaLlinges se «6c. : 20144; .0071: ..00651 : = : -- $ oo > 0276 
Mill water....: .0073: .0086: .0020 : -- foo ee tle 0179 
Assaying and : : : : : : : 
sampling....: .0098: .0007: .COZe : -— : -- : =-— : 0137 
Mill depart- a : : a : : : 
ment exoense: “0862: -0020: .0054 : -- : ~- : 0.0025 : .0471 
Total......: 0. 1371: 0. 1385: 0.0618 : 0.1624 :; 0.0097 : 0.0035 :$0.5130'. 


line colum "total supplies" does not include the cost of any grinding materials 
or flotation reagents. 


Table 7.--Summary of costs in units of labor, power, and supnlies 


Period covered: Tons ore treated: 1,646,706 
Average of years 1928 and 1929 Tons concentrates: 173,035 
Operation Repairs Total 
A. Labor (tons per man per 6-hour shift) 30.06 54.32 19.35 
Total 
Cost, dollars per ton of ore milled: 
Intermediate crushing......-...-.. 0.0251 
Primary Srinding.<.iscssessacewes O11] 
Secondary grinding.............. .0127 
Classifying and conveying....... 0011 
FlOUSCIONs costae dee seceeweenes 0105 
Concentrates handling........... 0089 
Tailings disposal..... bie salads davis 0144 
Water supply.........ccccccereee 0073 
Experimental charge........----- 0038 
Asspaying and sampling........... 0098 
Miscellaneous............2+eeee: 0324 
Total 0.1571 
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Dollars per ton Zw.h. per ton Per cent of 


eh ore milled ore milled totel power 
B. Power (kw.h. per ton run | 
ore): 
BUCA L AES wc d-e.Se ec wrbse vat - -- -~ 

Intermediate crushing.. 0.0066 0.82 _ 4,80 
Primary grinding....... 0450 5-60 32 649 
secondary grinding.::... 00425 ' §.30 30.69 

Classifying and conveying ~C0<2 0.52 8.02 
Te E OCA ULON G6 c0 ad ee aieesaes 0091 1.13 . ; 6.59 
Concentrates handling.... .C029 — 0.48 _ 2,80 

Tailings disposal........ -GO56 0.82 . 4,76 
Water supoly............ ‘ 0031 " 1.00 . 5.82 
Assaying and sampling.... e0006 . . Q.08 . —— «0,46 
Migcellaneous............ 0020 0.49 . 2.87 
Mill total 0.1306 : 16.24 —. ' 94,30 
Line a0 transformer losses .0079 0.98 —§.70 


Grend total 0.1355" ‘T7237 7 100.00 


a 


= i Dollars per ton Pounds ner ton 


| , - ore ___ ore 
C. Reagents (pounds per ton mine run : 
- ore): | 
1 Oa a eee ee ee eee 0.0369 4,722 
BPC ONT sie os ag rede s 2015 0,237 
Xanthate......... Pare - 0078 0,049 
Experimental... ..... baer eet 20010 0,003 
otal... 0.0640 5.011 
D. Miscellaneous supplies............ 0.1602 
E. Miscellaneous 0.0122 
Grand total direct cost, per dry 30.5130 


ton of or of ore milled...... 
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